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LUNAR CORE DETECTION USING DATA FROM A SINGLE ORBITING MAGNETOMETER: A FEASIBILITY

STUDY. L.L.Hood and K. Hartdegen, Lunar and Planetary

The mass of a possible iron-rich lunar metadlice is a
basic constraint on lunar bulompositionand, hence, lunar
origin models [1,2,3]. In principle, an accurate measurement
of the inducedmagnetic dipole moment ahe Moon after
exposure to a uniform magnetic field in a neacuum envi-
ronment could baised to infer the radius of suchcare.
The analytic approach involves estimatihg induced mo-
ment when theMoon is in a lobe othe geomagnetidail
where the field ismost nearly spatially uniform and the
plasma density is relatively low and undisturbed. This ap-
proach has previously beenapplied using datdrom the
Apollo 15and 16 subsatellite magnetometers [4]. A similar
approachmay beapplied using Lunar Prospectanagne-
tometer data providedhat certain theoretical issues are
resolved. Here, we considenly the measurement issue.
Specifically, we report an investigation thfe detectability
of a lunar core in the presence of realistic magnetic field and
plasma disturbances in thgeomagnetictail at distances
comparable tahe lunar orbit radius (about 6(:)R ISEE-3
magnetometer and plasma dat@ employed forthis pur-
pose.

Because of the high temperature of the lunar interior
and the minimal free iron content of the crust, the lunar
induced moment idue almost entirely to electrical currents
flowing in the lunar mantle andore which oppose any ex-
ternalmagnetic field change. The induced momerthese-
fore oriented opposite tthe applied fieldchange. After a
period of the order of &w hours following anexternal
magnetic field change, induced currentshie mantle will
have decayednd the residuahomentwill result from cur-
rentsflowing on the surface of theore. Assuminghat a
lunarcoreexists and that the radiuskaown, it is straight-
forward to calculatehe amplitude of the expected residual
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Fig. 1.

To simulate lunar orbital magnetometer measurements of
this induced field, we add th&EE-3 field components
(minus 10 nT in th&SE x direction) tahe simulated lunar
orbital field componentsinducedfields due to short-term

moment. We investigate here whether such a small induced(<1 day) geotailfield fluctuations are neglected. A total of

moment would be detectable usitf§EE-3 magnetometer
and plasma datfor the periodOctober 1982 to April 1983
(R. Lepping and P. Riley, private communication, 1995).
During December 1982 and April 198%e ISEE-3
orbit trajectory was especially weduited for simulating

24 2-hour “orbits” of field measurements were simulated in
this manner. Wénave further assumetiat the orbit of the
lunar satellite is polar and is parallel to the GSE xy plane.
As a test case, Figureshowsthe result of assuming an
induced field due to the presence afamewith a radius of

field and plasma measurements at lunar distances in the435 km. The dashed curves in each fielwnponent plot

geotail. Passes throughe geotail were identified by exam-
ining both electron number density and magnetic field com-
ponent plots as a function tifne. Within the tail lobes, the
electron density dropped to nearly zaral the fieldbecame
oriented toward (North lobe) @way (South lobe)rom the
sun.After rotating to geocentric solar ecliptic (GS&)ordi-
nates, thaGSE x-componenhas an amplitude of order 10
nT (1 nT = 10° G) at lunar distances while the y- and z-
componentsrenearly zero. For example, during December
1982, an interval of approximateB/5 days can bédenti-
fied whenISEE-3was in a geotail lobe and the field was

represent the expected induaedgnetic field components.
The solid lines represent averages of the simulated lunar
magnetic fielddataoverall 24 available “orbits.” Agan be
seen, theGSE x-componenfparallel to the applied field)
was not sufficiently steady to allow detectiontloé induced
field, even after substantial averagihtpwever,the GSE y-
component(center panel) was steadnough sothat the
induced fieldcomponent irthis direction ismarginally de-
tectable. Weconclude orthe basis of this simulation that a
lunar core induced magnetic moment,pifesent, would be
marginally detectable usingdata from a single orbiting

relatively constant and oriented toward the sun. We assumemagnetometer providethat thecore is largerthan about
that an induced field is present due to the existence of a core400 km in radiusAveraging of moreorbits than considered

with a given radius in the presence of a 10 nT uniform field.

here would allow a smaller core to be detected. Moreover, if
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a second magnetometekists in the geotail in the lunar
vicinity during the period of lunar orbital measurements, it
may bepos-sible to subtract out much thfe ambient field
variations (except for high-frequentynar induced fields).
This would make @ore induced field more detectable with
fewer measurement orbits.
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